A description and an illustration of each of the four species are given. PeJargonium aestivale E.M. Marais is described as a new species, the synonyms for P. fissifolium (Andr.) Pars. are given, the illegitimate name P. pNosum Pars. is replaced by P. petroselinifolium G. Don, and P. aristatum (Sweet) G. Don is reinstated as a species. All of them afe tuberous species, belonging to section Hoarea (Sweet) DC. The four species have a similar chromosome number, and macromorphological, anatomical and palynological studies were done to delimit the speci es and determine their relationships. Although the chromosome numbers of the four species distinguish them from the rest of the species in section Hoarea, and although they have several characters in common, these characters are not unique within the section.
Introduction
Pelargonium aestivale E.M. Marais, P. fissifolium (A nrlr.) Pers., P. petroselinifolium G. Don and P. aristatum (Sweet) G. Don are deciduous geophytes belonging to the section Hoarea (Sweet) DC. Like several other species of this section, these four species have a complicated nomenclature (Marais 1993) . Taxonomic studies revealed that P. floribundum (Andr.) Ait. f. is synonymous to P. fissifolium, P. pilosum Pers. is an illegitimate name and must be replaced by P. petroselinifoIium G. Don and P. aristatum (Sweet) G. Don, regarded by Knuth (19 12) as a sy nonym for P. barbatum Jacq., should be reinstated as a species.
P. aestivale was first collected by H. Bolus in December 1867 on 'the hills in Sneeuberg near Zuurpoort Hotel', and (he type specimen was collected by W. Tyson in September 1879 ncar Murraysburg. Leighton (1933) referred to Tyson's collection (Tyson 328) as the type of P tyson;; Szyszyl. He also mentioned that a substitute name for Geranium ciIiatum Cav. was necessary, because P. ciliarum L'Herit. (1792), a synonym for P. he/erophylfum Jacq ., already existed. When renaming G. ciliawm Cav., Szyszylowics (1888) did cite Tyson 328, but did not designate it as the type. Referring to this specimen was in any case a misidentification. because it neither corresponds to the illustration accompanying Cavanilles's origi nal description, nor agrees with the Thunberg specimen in the Madrid herbarium on which G. ciliawm was based and which is conspecific to P. proliferum (Burm. f.) Steud . According to Prof. Dr F. Albers from Munster, Germany, and Dr M. Gibby at the Natural History Museum. London (pers. comm un .), these four species have an unusual chromosome number for section Hoarea (results which will be published elsewhere) . The aim of this study was to compare the morphological characters of the four species and to rectify the nomenclature.
Methods and Results
Since species of this section usually flower after the leaves have died, herbarium specimens are often without leaves. Complete herbarium specimens were prepared from plants collected in the field and grown in the garden. Leaves and flowers were collected at different stages. Morphological, anatomical and palynological studies were performed on plants [rom the garden and on herbarium specimens.
Morphology
All four species are deciduous geophytes with turnip-shaped tubers. P. aestivale has simple to tern ate, prostrate leaves. The laminae arc revolute and the margins entire to serrate. The leaves of P. fissifolium, P. petroselinifolium and P. aristatum are erectopa tent and the laminae are pinnate to irregularly bipinnatifid with a single hair or a tuft of hairs at the apices of the segments. Juvenile leaves can be simple to temate. Characters shared by all four species are the short stamens concealed wi thin the floral sheath, the wine-red feather-like markings on the posterior petals and a similar indumentum of appressed curly hairs interspersed by gland ular hairs on tbe peduncle, hypanthium and sepals. All four species have branched scapes, bearing 2-5 pseudo-umbellets. with 3-8(-14) flowers each. Differences in fl oral characteristics include the pink flowers in P. petroselinifolium and pale yellow or cream-coloured flowers in aU the other species. short hypanthia (13-25 mm long) in P. petroselinifolium with a hypanthiuml sepal rati o of 2-3.5, and long hypanthia [(19-) 28-66 mmJ with a hypanthium/sepal ratio of 3-10 in the other species, and ligulate petals with a length/width ratio of bigger than five in P aristalum, and spathulate petals with a leng th/width ratio of smaller than five in the other species.
Leaf anatomy Leaf anatomical studies were performed on fresh material from plants growing in the garden for more than one season (Table 1) . This ensured that all the material studied was from plants growing for a considerable time under similar conditions. Trans- (Joel 1983) . Sections were made through the middle part of the petioles and laminae or pinnae. The petioles of all four species vary from circular Lo ad axiaUy flattened or triangular in transverse section . In al l the species the petioles are covered by a uniserial epidermis with short gl andular hairs and unicellular non-glandular hairs. The cortex comprises a uniseriate collenchymatous hypodermi s and four to five layers of large chlorenchyma cells. The vascular tissue consists of a cylinder of four main bundles alternating wi th a varying number of smaller bundles and a single medullary bundle, which is sometimes associated with the adaxial bundle. In P. aestivate, with prostrate leaves. no sclerenchymatous tissue occurs on the periphery o f the vascular cylinder, but in P. fissifolium, P petroselinifolium and P aristalum. all with erecto-patent leaves, poorly developed sclerenchyma strands occur on the outside of the vascular bundles. The pith consists of rather large parenchyma cells, and idioblasts with druses are scattered through the pith, usually in the vicinity of the vascular bundles.
The laminae of all four species are amphistomatic with a un iserial epidermis covered by a thin and smooth cuticle. The abaxial and adaxial epidermal cells are similar in size. The leaves of P. aestivale are dorsi ventral with adaxi ally two to three layers of palisade cells and abaxially a loosely arranged spongy tissue. The leaves of P aristatum are also dorsiventral. but the mesophyU is rather compact with small intercellular spaces. The 91 leaves of P. petroselinifolium are isobi lateral and those of P. fissifolium vary from dorsiventral to isobilateral. In both P. petroselinifolium and P. fissifolium the mesophyll has a compact arrangement Druse crystals occu r usually on the border between the palisade and spongy tissues.
Pollen morphology
Pollen grains of all four species were collected from fresh material (Table I ) and treated according to the acetolysis method and studied with the light and scanning electron microscope. At least 25 pollen grains of each specimen were studied and measured (Table 1 ). The morphology of the pollen grains corresponds to that of the rest of the genus Peiargonium, in that the grains are spherical and tricolporate (Marais 1990a) . The tectum can be described as reticulate-striate (Bortenschlager 1967) (Figure 1 ) because some of the muri are on a slightly higher level than the others and these muri are more or less parallel to one another. The size of the pollen grains of all four species is more or less the same and varies between 5 1 and 61 ~m in diameter (fable 1).
Distribution and ecology P fissifolium. P. petroselinifolium and P. aristatum are confin ed to the winter rainfall area (Figure 2 ), occurring mainly in karroid vegetation or dry fynbos. P aristatum occurs to the north, between the 31 0 and 32 0 latitudes and P fissifolium and P. petroselinifolium occur south of the 32° latitude. Although the distribution areas of P. fissifolium and P. petroselinifolium seem to overlap. the annual rainfall probably plays a role in the distributio n of the two species. Comparing their distribution areas to rainfall maps (Jackson 1961) . it seems that P. petroselinifolium prefers areas with a higher annual rainfall than P. fissifolium . These three species flower in early summer, from October to November.
P. aestivale is one of the few species of section Hoarea occurring in the summer rainfall area (Figu re 3). According to herbarium records, flowering time is from September to December. This apparen t long flowering season reflects the irregular start of the raining season. New leaves appear after early spring showers or any rain following a drought. Growing time is short and the fl owering stage is reached soon. Thus early spring showers will bring an early flowering season or with later showers the flowering season will be delayed accordingly.
Discussion
Although similarities in respect to short stamens concealed within the floral sheath, wine-red feather-like markings on the posterior petals and a similar indumentum of the peduncle. hypanthium and sepals, indicate a relationship among the four species, these characteristics are shared with other species within section H oarea. Pollen morphology of P aestivale. P. fissifolium, P. pelroselinifolium and P. arislatum reveals a similar resemblance with other species in sec tion Hoarea . All four species have a reticulate-striate structure of the tectum (Figure 1 ), which is similar to those of P chelidonium and P. nervifolium (Marais 1994a) . The pollen sizes of P. chelidonium (48-62 ~m in diameter) and P. nervifolium (54-60 Jlm in diameter; Marais 1994a) are also more or less similar to that of the former four species (51-61 j.lID in diameter; Table I ).
The leaf anatomy contributes nothing to the delimitation of the four species as a taxonomic unit within section Hoarea. (Marais 1994b ).] The leaves of P fissifolium vary between dorsiventral and isobilateral, a character occurring also in P. pinnatum (Marais 1993 ).
In the petioles of P. aeslivaie no sclerenchymatous tissue occurs on the periphery of the vascular cylinder. This is similar to other Hoarea species with prostrate leaves [P. curviandrum and P. triandrum (Marais 1994b) ] . In the petioles of P fissifolium, P. petroselinifolium and P. aristatum, all with erecto-patent leaves, sclerenchymatous tissue on the outside of the vascular bundles is poorly developed if compared to the continuous sclerencbymatous cylinder occurring in species with erect, rigid petioles as in P. acicuLalum and related species (Marais 1991) and in P. pinnalum, P. viciifolium and P. Irifoiiolatum (Marais 1993 A deciduous geophyte with a regularly shaped subterranean tuber, 120-200 mm tall when in flower. Tuber: a turnip-shaped or elongated, sometimes monilifonn root with a short flattened stem, covered with flaking dark-brown periderms. 30-80 mm long and 12-30 mm in diameter. Leaves radical, hysteranthous, rosulate, simple or tern ate, green, petiolate; lamina ovate, apex acute, margin entire to serrate, revolute, 25-95 x 14-48 mm, adaxially and abaxiaUy hirsute or sparsely hirsute with stiff hairs interspersed with short glandular hairs and long soft non -glandular hairs; petiole 25-90 mm long and 1-3 mm in diameter, prostrate, densely hirsute with short appressed hairs and sparsely interspersed with short glandular hairs; stipules subulate, adnate to petioles with apices free, 5 mm long and ca. 1 mrn wide, ciliate. Inflorescence : scape 10--70 mm long. 1-3 mm in diameter, branched, bearing 2-4 pseudo-umbellets with 3-8(-11) flowers each; peduncles 35-85 mm long, 1-2.5 mm in diameter, densely hirsute with distally appressed curly hairs interspersed with long glandular hairs; bracts Ian ceo late, 4-8 mm long, 1.5-2 rum wide, abaxially hirsute with distally appressed hairs interspersed with glandular hairs; flower buds, flowers and fruits erect. Pedicel ca. 0.5 mm long. Hypanlhium 33-66 mm long, pale green, indumentum as on peduncle, hypanthiumlsepal ratio 4-10. Sepals 5, lanceolate, apices acute, 6.5-11 mm long, 1.5-3 mrn wide, posterior one erect, others reflexed, green to pale reddish brown with margins while, indumentum abaxially as on peduncle. Petals 5, cream-coloured to yellow, claws fanning a sheath; posterior two with wine-red feather-like markings, unguiculate-spathulate, bases cuneate, apices emarginate, 14-25 x 3.5-6 mm. length/width ratio smaller than 5.5; anterior three spathulate. bases attenuate, apices rounded, 12-20 x 3-5 mm. Stamens 10, basally connate, staminal column 1.5-2 mm long, white~ perfect stamens 5. concealed within the floral sheat h, posterior one 2-3.5 mm long, lateral two 3-4.5 mm long, anterior two 4-7 mm long, white; staminodes 2.5-3 mm long; anthers pink, 1.5-2 mm long, pollen orange. Gynoecium: ovary superior, oblong-conical. 5-lobed, 2.5-4 mm long, densely sericeous; style filiform, 0.5-2 mm long, pale green; stigma with 5 recurved branches, 1-2 mm long. adaxially wine-red. Fruit: a schizocarp consisting of 5 mericarps, bases of mericarps ca. 7 mm long, with glandular hairs, tails ca. 36 mm long. (Figure 4 ).
Oiagnostic features and affinities
p. aestivale is a geophyte with simple or tern ate, prostrate leaves. The laminae are revolute and the margins entire to serrate. Furthermore, P aestivate is characterized by the cream-coloured or yellow flowers with short stamens and very long hypanthia (33-66 mm) and a hypanthiumlsepal ratio of 4-10. The colour and structure of the flowers resemble those of P. fissifolium . However, leaves of P. fissifolium are usually irregularly bipinnatifid, although juvenile leaves cou ld be simple or tripartite.
Geographical distribution and ecology P. aestivale is one of the few species of section Hoarea occurring in the Great Karoo, and also one of the few species occurring in the summer rainfall area, hence the specific epithet aestivale . Its distribution area extends from Carnarvon and De Aar in the north to Klaarstroom, north of Meiring's Poort in the sou th and to Middelburg (Eastern Cape) in the east (Figure 3) , an area receiving an annual rainfall of 100-300 mm. Plants grow in karroid vegetation on rocky hillsides, but also on flat areas where they are locally common. This species has an apparent long flowering S.-Afr.Tydskr. Planlk. 1995,61(2) season, from September to December, which is due to the irregular start of the rainin g season. Sometimes leaves are still present when flowering time starts, but often fl owers appear after the leaves have died. [6] [7] [8] .5 mm long, 1-2.5 mm wide, posterior one erect, others reflexed, green or pale reddish brown with margins white, indumentum abaxially as on peduncle. Petals 5, cream-coloured or pale yellow; posterior two with wine~red feather-like markings, spathulate, bases cuneate, apices obtuse to rounded or emarginate. 14-22 x 3.2-5 .5 mm,length/width ratio smaller than 5; anterior three narrowly spathulate, bases attenuate, apices rounded, 11-18 x 2-4-.5 mm . Stamens: staminal column 1-1.5 mID long. white; perfect stamens 5, concealed in the floral sheath, posterior one 2-3 mm long, lateral two 3-4 mm long,
anterior two 5-6 mm long. white; staminodes 1-2 mm long; anthers pink. 1.5-2 mm long. pollen orange. Gynoecium: ovary 2--4 mm long; style 0 .2-2 mm long, pink; stigma branches 1-1.5 ~ 2 95 mm long. wine-red. Fruit: bases of mericarps 4-6 mm long. with glandular hairs, tails 25-26 mm long. (Figure 5 ).
Diagnostic features and affinities
Although P fissifolium can be described as a geophyte with pinnate to irregUlarly bipinnatifid leaves, the plants may exhibit a variation in leaf form . This may be due to tbe heteroblastic leaf development. Young plants usually have simple to trifoliolate leaves, whereas those of the older plants are bipinnatifid. This leaf development is an annual phenomenon, as the first leaves of the season are simple to pinnatilobed and the younger ones pinnate to bipinnatifid. The pinnae are usually deeply incised and the segments laciniate. hence the specific epithet fissifolium or long, pinnately compound, irregularly bipinnalifid. pinnae 20-30 m.m long, deeply in cised, segments laciniate, 2-3 rom wide, apices obtuse, with a single hair or a tuft of hairs at the apices, sp arsely hirsute with long appressed hairs; petiole 30-120 mm long and 1.5-2.5 mm in diameter, rigid, erecto-patent, hirsute with short appressed hairs in terspersed with short glandular hairs; stipules subulate, adnate to petio les with apices free, 7-8 rom long and 1-2 mm wide, ciliate. Inflorescence: scape 5-120 mm long, 1.5-3 mm in diameter, branched. bearing 2-5(-8) pseudo-umbellets with 4-11 flowers each~ peduncles 40-160 rom long, 1-2 mm in diameter, hirsute with appressed curly hairs interspersed with lon g glandular hairs with large beads; bracts lanceo iate, 3--4 mm long, 1 mm wide, abaxialJy hirsute, interspersed with glandular hairs. Pedicel ca. 0.5 mm long. Hypanthium 19-35 mm long. indumentum as on peduncle, bypanthiuml sepal ratio 3-6. Sepals 5, lanceolate. apices acute, 5-10 mm long, 1-3 mm wide, posterior one erect, others reflexed, green or pale reddish brown with margins white, indumentum abaxially as on peduncle. Petals 5, cream-coloured or pale yellow; posterior two with wine-red feather-like markings,1igulate, bases cuneate, apices rounded or emarginate, 14-26 x 2--4 mm. length/width ratio greater than 5 ; anterior three narrowly spathulate, bases attenuate, apices rounded, 11 .5-24 x 1.5-3 mm. Stamens: staminal column 1-1.5 mm long. white~ perfect stamen s 5, concealed in the floral sheath, posterior one 1.5-3 mm long, lateral two 3-4 mm long. anterior two 4.5-6 mm long, white; stamin odes 1.5-2 rom long; anthers pale pink. 1.5--2 mm long, pollen orange . Gynoecium: ovary 2-4 mm long; style 0.5-1.5 mm long, pale pink; stigma branches 1-2.5 mm lon g, pale pink. Fruit: bases of mericarps 4 mm long, with glandular hairs, tails 20-24 mm lon g. (Figure 7 ).
P. aristalum is a geophyte with pinnate to irregularly bipinnatifid leaves. The pinnae are usually deeply incised. and the segments S.-Afr.Tydskr. Plantk. 1995 , 61(2) laciniate, ending in a single hair or a tuft or hairs, resembling an awn. thus the names bearded-leaved geranium (An drews 1803). awn-leaved Stork's bill (Don 1831) or the epithet aristatum. The floral structure of P. aristatum resembles that of P fissifolium .
The stamens of both species are very short and concealed. in the floral sheath. Both species have pale yellOW flowers with winered feather-like markings on the posterior petals, but the petals of P. arislalum are ligulate with their lengrh!width ratio greater than five, and those of P. fissifolium are spathulate with their length! width ratio smaller than five. The leaves of these two species are also very similar.
Geographical distribution and ecology
P. aristatum occurs around Vanrhynsdorp. Nieuwoudtville and Calvinia (Figure 2 ), an area with an annual rainfall of 200-300 mm mainly in win ter. It grows in full sun or partial shade in dry rocky areas in clay or loam. and on flats in Dwyka tillite. Flowering time is from October to November when leaves are fading or after they have dried. 
